Abstract
INTRODUCTION
Hypoxic hepatitis -inflammation and necrosis of the liver due to hypoxia -can be a devastating disease. It is characterized by a substantial but transient increase in serum transaminase levels in the setting of cardiac, circulatory or respiratory failure, after exclusion of viral hepatitis and drug-induced liver injury [1] . Although initially referred to as "ischemic hepatitis", the term hypoxic hepatitis is now preferred as it is recognized that ischemia is not the sole contributing factor [2] [3] [4] . The typical presentation of hypoxic hepatitis is a sudden massive increase in serum transaminases, typically above ten times the upper limit of normal, due to massive hepatocyte necrosis. Characteristically there is predominant elevation of aspartate transaminase (AST) over alanine transaminase (ALT) followed by their rapid decline.
Severe hypoxic hepatitis can occur when there is massive elevation of serum transaminases, more than 100 times the upper limit of normal. The incidence, causes and predictive factors of mortality in patients with severe hypoxic hepatitis have not been well described. In a previous study examining the clinical outcomes of patients with extreme elevations of serum transaminases (ALT and/or AST more than 3000 U/L), we observed a high rate of mortality in patients with low serum albumin and advanced age [5] . In this present study, we sought to determine the incidence and predictors of mortality in patients with severe hypoxic hepatitis.
MATERIALS AND METHODS

Identification of patients with severe hypoxic hepatitis
Consecutive cases of severe hypoxic hepatitis were identified from the computerized database of patient admissions to a large tertiary care hospital in Singapore over a one-year period. Cases of severe hypoxic hepatitis were defined by the presence of the following three factors: Massive elevation of serum transaminases (either ALT and/or AST values greater than 3000 U/L), with rapid decline over 5 d, a typical clinical setting of cardiac, circulatory or respiratory failure, and the exclusion of all other causes of liver necrosis, particularly viral or drug-related hepatitis [1] . The ethics committee of the hospital approved waiver of informed consent for this retrospective study, which was conducted in accordance with the Declaration of Helsinki. Case records of patients fulfilling the above criteria were retrieved and two independent reviewers (Chang PE and Goh BBG) systematically extracted the relevant patient demographic data, clinical details and hemodynamic data. Relevant laboratory data was analyzed, including liver function, renal function and cardiac function tests. Specifically, the date of elevation of serum transaminases to > 3000 U/L and the trend of resolution were analyzed. Baseline laboratory data was defined as the laboratory values performed on the day of onset of elevation of serum transaminases to > 3000 U/L.
Analysis of precipitating factors for severe hypoxic hepatitis
Patient records were analyzed in detail to identify precipitating factors for hypoxic hepatitis. In particular, episodes of hypotension, arrhythmia, bradycardia, hypoxia and acidosis in the 48 h prior to the development of severe hypoxic hepatitis were analyzed. A hypotensive episode was defined as documented systolic blood pressure < 90 mmHg on at least two separate readings. Arrhythmia was defined as an abnormally rapid heart rate > 120 beats per minute, accompanied by electrocardiogram evidence of an abnormal heart rhythm. Bradycardia was defined as documented heart rate less than 60 beats per minute or a lowering of the heart rate by more than 25% of the baseline heart rate. Hypoxic episodes were defined as arterial oxygen saturation < 90% on pulse oximetry and/or partial pressure of oxygen < 60 mmHg on arterial blood gas. Metabolic acidosis was defined as a pH < 7.4 on arterial blood gas associated with serum bicarbonate of < 20 mmol/L. The inpatient medication records and clinical drug history were carefully analyzed to identify any potential hepatotoxic medications taken prior to the onset of severe hypoxic hepatitis.
Clinical course of severe hypoxic hepatitis
The clinical evolution of consecutive patients with severe hypoxic hepatitis was recorded for each subject. This included admissions to the intensive care unit (ICU), length of stay in ICU and survival to discharge from hospital. For patients who died, the cause of death was based on the diagnosis stated on the death certificate. In cases where post-mortem examination was performed, the cause of death was based on the final coroner's report. The etiology of hypoxic hepatitis was based on thorough review of clinical data, laboratory results, clinical evolution and autopsy details.
Study outcome
The data was analyzed to identify potential predictive factors for mortality, defined as death within the same admission as the episode of severe hypoxic hepatitis. Patients who survived to discharge were followed up for a further six months to determine the incidence of delayed mortality.
Statistical analysis
Clinical variables were compared between patients who died and those who survived to discharge. χ 2 analysis was performed for comparisons of discrete variables and Students t-test was used for comparison of continuous variables. Multivariable regression analysis was performed to identify independent predictors of early mortality. Survival comparisons were performed using Kaplan Meier analysis and compared using log rank statistics. All statistical analyses were performed using SPPS version 21 (Chicago, IL, United States). A p value of < 0.05 was considered statistically significant. Values in the text are described as mean ± SD or number (percentage of total) unless specified otherwise.
RESULTS
Incidence of severe hypoxic hepatitis
Of a total of 71380 admissions to the Singapore General Hospital over the course of one year, 75 patients fulfilled the predefined criteria for severe hypoxic hepatitis, providing an incidence of 1.05 cases of severe hypoxic hepatitis per 1000 admissions.
Clinical characteristics of severe hypoxic hepatitis
The clinical characteristics of the 75 patients are summarized in Table 1 . Median age was 65 years, of which 57% of were male. All patients were Asians, with a predominance of Chinese followed by Indians and Malays respectively, in keeping with the multiethnic nature of the Singapore population. A preexisting history of ischemic heart disease and cardiac failure was present in 55% and 36% respectively. A precipitating hypotensive event in the 48 h preceding the rise in liver enzymes was documented in 73% of cases. Precipitating episodes of bradycardia and metabolic acidosis were identified in 14.7% and 57.3% respectively. As expected, AST levels were higher than ALT levels at the onset of hypoxic liver injury with mean ALT and AST levels of 2295 ± 1656 U/L and 4896 ± 2986 U/L respectively. The mean ratio of ALT to AST at onset (ALT/AST ratio_D1) was 0.70 ± 1.36. Peak ALT and AST levels reached 2834 ± 1938 U/L and 5894 ± 3149 U/L respectively, typically within the first Fifty patients (66.7%) with severe hypoxic hepatitis required admission to the ICU. All patients required vasopressor support. Of these, 37 (74.0%) died. Mean duration of stay in ICU was significantly longer in those who died compared to those who survived (9.4 ± 12.1 d vs 3.2 ± 2.0 d, p = 0.02). All 13 patients who were discharged from ICU recovered and were safely discharged from hospital.
Etiology of severe hypoxic hepatitis
The underlying etiology of severe hypoxic hepatitis was due to acute myocardial infarction (AMI) in 36% and septicemic shock in 32% ( Figure 1 failure, chronic respiratory failure and gastrointestinal hemorrhage accounted for the remaining cases of severe hypoxic hepatitis.
Mortality in severe hypoxic hepatitis
Severe hypoxic hepatitis was associated with a high mortality rate, accounting for 53 (71%) deaths within the same admission. The main causes of death were AMI in 39.6%, sepsis in 30.2%, metastatic cancer in 13.2% and gastrointestinal hemorrhage in 5.7%. Amongst the survivors who were discharged, there were no cases of delayed mortality in the 6-mo followup period. The ability to recover from the acute hypoxic injury was thus associated with an excellent prognosis. The clinical characteristics of patients who survived and died within the same admission are compared in Table 2 .
On univariate analysis, four variables were found to be significantly different between cases of severe hypoxic hepatitis who survived and those who died within the same admission (Table 3) . Mortality was more common in males and in those with a precipitating hypotensive event. Interestingly, baseline serum albumin level and ALT (but not AST) levels measured at onset of severe hypoxic hepatitis were significantly lower in patients who died. However, the peak ALT and AST levels did not have any discerning effect on mortality. Markers of cardiac infarction (CK, CKMB and troponin T) were significantly elevated in those who died whereas bilirubin and prothrombin time were not different in the two groups, suggesting that the underlying cause of death in severe hypoxic hepatitis is related to underlying cardiac ischemia and not to liver failure.
On multivariable analysis (Table 3) , the sole independent predictor of early inpatient mortality in severe hypoxic hepatitis was baseline serum albumin. Using area under receiving operator curve (AUROC) statistics (Figure 2 ), serum albumin was determined to be an accurate predictor of mortality in severe hypoxic hepatitis with an AUROC of 0.740 (p = 0.001, 95%CI: 0.617-0.862). Baseline serum albumin < 28 g/L was an accurate predictor of mortality with a sensitivity of 75%, specificity of 64% and positive predictive value of 83%. Using logistic regression analysis, a baseline serum albumin lower than 28 g/L was associated with Table 2 Comparison between patients with severe hypoxic hepatitis who died and survived n (%) 1 Measured at onset of severe hypoxic hepatitis; 
DISCUSSION
To our knowledge, this is the first study to describe the clinical course and outcome of Asian patients with severe hypoxic hepatitis. Several key findings are noted -firstly, severe hypoxic hepatitis occurs with an incidence of 1.05 in every 1000 admissions to a tertiary level general hospital in Singapore. The clinical presentation of severe hypoxic hepatitis in Asian patients is not different from that reported in Western studies [6] [7] [8] . Secondly, the clinical outcome of severe hypoxic hepatitis is poor with a high mortality rate of 71%. Thirdly, most deaths associated with severe hypoxic hepatitis are due to acute myocardial infarction and sepsis and not due to liver failure. Finally and most importantly, the unique finding in our study is that low serum albumin at baseline is an independent predictor of early mortality in patients with severe hypoxic hepatitis.
There is a wide variation in the reported incidence of hypoxic hepatitis ranging from 1 per 1000 admissions to 4 per 100 admissions [6, 7] . The reason for this wide variation is the denominator, i.e., the population of patients studied. The incidence of hypoxic hepatitis is expectedly lower in studies including all general admissions compared to those focusing on admissions to intensive care units [8] [9] [10] . The denominator in our study was all admissions to a tertiary care hospital over a one-year period. The incidence of 1.05 cases of severe hypoxic hepatitis per 1000 admissions in our Asian center is consistent with the literature from studies performed in Western populations [11] [12] [13] [14] . Our study demonstrates that the clinical profile of Asian patients with severe hypoxic hepatitis is similar to that reported in Western studies. A history of ischemic heart disease and cardiac failure are common and was present in 55% and 36% of our study cohort respectively. Pre-existing passive hepatic congestion has been proposed as a pre-requisite condition for the development of hypoxic hepatitis [15, 16] . Patients with chronically elevated right heart pressures are Table 3 Univariate and multivariable analysis of predictive factors for mortality in severe hypoxic hepatitis prone to developing congestive hepatopathy resulting in decreased hepatic perfusion to hepatocytes. In such patients, a slight decrease in the hepatic arterial perfusion pressure may be sufficient to cause hypoxic hepatitis. Indeed, Seeto et al [17] have demonstrated that as little as 15 min of transient systemic hypotension is sufficient to produce massive hepatocyte necrosis in patients with pre-existing congestive hepatopathy. However, as demonstrated in our study, a precipitating episode of hypotension is not necessarily seen in all patients with hypoxic hepatitis [16] . Severe hypoxic hepatitis is associated with a high mortality rate [18] . More than two-thirds of patients in our study cohort died, which is at the higher end of the range of 30%-77% reported in similar studies [6, 9, 10, 18] . The underlying etiology of severe hypoxic hepatitis is strongly associated with risk of early mortality. Ninety-three percent of patients with severe hypoxic hepatitis due to AMI died compared to only 58% of non-AMI-related etiologies. However, neither the severity of elevation of liver transaminases nor the rate of resolution of elevated transaminases was associated with mortality. The cause of death has not been reported in meta-analysis of studies on hypoxic hepatitis [7] . In our study, the main cause of death was due to cardiovascular failure in 40%, followed by septic shock with multi-organ failure in 30%. In both conditions, the underlying pathophysiological process is inadequate perfusion pressure to the essential organs. Importantly, liver failure is not the cause of death in patients with severe hypoxic hepatitis. This reinforces the point that the primary strategy in the management of patients with severe hypoxic hepatitis is to focus on maintaining systemic perfusion pressure and to correct the underlying cause of hypoperfusion be it due to primary cardiac pump failure, massive peripheral vasodilatation due to sepsis or hypovolemia from hemorrhage [6] . The novel aspect of this study is the finding that baseline serum albumin is an independent predictor of early mortality in patients with severe hypoxic hepatitis. Duration of hypoxic hepatitis, INR, presence of septic shock, SOFA score, jaundice, need for renal replacement and vasopressor therapy have previously been suggested to be factors that predict mortality in hypoxic hepatitis [9, [18] [19] [20] [21] . However, serum albumin has never been previously reported to be an independent predictor for mortality in hypoxic hepatitis.
Hypoalbuminemia is a well-known predictor of mortality in patients with acute illness [22, 23] . Serum albumin on admission has been shown to be a strong predictor of inpatient mortality in internal medicine wards [24, 25] . Furthermore, a progressive decrement of serum albumin concentration is associated with a 24%-56% increase in odds of death [26] . Decline in albumin levels occurs in acute illnesses due to increased catabolism, reduced hepatic synthesis and renal loss. Albumin is often viewed as a non-specific negative acute phase protein that reflects the severity of the underlying illness. It is thus conceivable that low serum albumin may be associated with increased mortality in patients with hypoxic hepatitis, as in any other systemic illness. However, our study provides evidence that albumin is an independent predictor for mortality in severe hypoxic hepatitis, with a strong odds ratio. This suggests that low serum albumin levels may play a direct role in causing cardiovascular-related mortality in patients with severe hypoxic hepatitis.
Low serum albumin levels are associated with increased risk of mortality in coronary disease [27] and cardiac failure [28, 29] . This is attributed to slower coronary flow in patients with low albumin levels [30] . In a study investigating the relationship between serum albumin and coronary flow rate following primary percutaneous coronary intervention [31] , baseline serum albumin levels were significantly lower in the group with no coronary reflow compared to normal coronary reflow and serum albumin was identified as an independent predictor of no-reflow. Low levels of serum albumin cause an increase in coronary blood viscosity and disruption of endothelial function due to increased concentrations of free lysophosphatidylcholine [32] . In addition, albumin is an important inhibitor of platelet aggregation through increases in production of antiaggregatory prostaglandin PGD2 from cyclic endoperoxidases [33] . Low levels of serum albumin thus increase risk of platelet aggregation in the coronary vasculature, hence increasing risk of AMI. The novel association observed between low serum albumin levels and increased mortality risk in severe hypoxic hepatitis can thus be potentially explained by the effects of low albumin on slowing coronary flow and increased platelet aggregation, thus increasing risk of acute myocardial infarction and early death. However, this postulation remains speculative and needs to be evaluated in future prospective studies.
Low serum albumin levels are also associated with increased mortality in patients with severe sepsis [34] . Serum albumin plays an important role in modulating innate immune responses to systemic inflammation and sepsis [35] . The ability of serum albumin to modulate inflammation and oxidative stress as well as inhibit neutrophil adhesion could provide some protection from endothelial dysfunction mediated by these factors [36, 37] . Although several studies have demonstrated efficacy of albumin infusions in improving outcome in septic patients [38] , others have not demonstrated any meaningful benefit [39, 40] . It thus remains unclear whether low serum albumin is a direct cause of mortality or a surrogate for severity of illness in patients with sepsis.
Our findings are clinically important because it provides the clinician with a simple way to identify patients with severe hypoxic hepatitis who are at highest risk of death. Patients with severe hypoxic hepatitis with a baseline serum albumin level less than 28 g/L can be fast-tracked for ICU care and early vasopressor therapy to maintain adequate central perfusion. Of interest is whether timely intervention with intravenous albumin will result in a reduction of mortality in patients with severe hypoxic hepatitis.
There are several limitations to this study, including the retrospective study design. The study was limited to a single center, which may limit the generalizability of the findings. This study focused on patients with severe elevation of serum transaminases beyond 100 times the upper limit of normal. The findings of our study are thus limited to patients with severe hypoxic hepatitis and may not be applicable to milder degrees of hypoxic hepatitis.
In conclusion, severe hypoxic hepatitis is associated with high mortality. Most deaths are related to underlying cardiovascular failure and septic shock with multiorgan failure. Low serum albumin levels at the onset of severe hypoxic hepatitis is an independent predictor of mortality and is a useful clinical marker for early prognostication of patients at high risk of death.
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COMMENTS
Background
Hypoxic hepatitis is an important cause of acute liver injury that is associated with a high mortality rate.
Research frontiers
The novel aspect of this study is the finding that baseline serum albumin is an independent predictor of early mortality in patients with severe hypoxic hepatitis.
Innovations and breakthroughs
This is the first study to describe the clinical course and outcome of Asian patients with severe hypoxic hepatitis. The unique finding in this study is that low serum albumin at baseline is an independent predictor of early mortality in patients with severe hypoxic hepatitis.
Applications
These findings are important because it provides the clinician with a simple way to identify patients with severe hypoxic hepatitis who are at the highest risk of death.
